Introduction
The mental foramen is located on either side of the mandible just below the corners of the lips, around the region of the root of the second premolar tooth (1) . The mental nerve emerges from the mental foramen and provides sensation to the lower central portion of the face (1, 2) .
Dentists, oral maxillofacial surgeons, emergency physicians, and plastic and reconstructive surgeons are required to be knowledgeable regarding the anatomy of the mental foramen and variations in its position, for the purpose of achieving local anaesthesia as well as planning various surgical procedures (3, 4) . Procedures important to the anatomy of the mental foramen include: tooth extractions, root canal treatment, scaling, polishing, treatment of gingival disease, removal of cysts and tumors, repair of lower lip and chin lacerations, reconstructive soft tissue procedures, endodontic/orthogenetic surgery, fixation of bone fractures and implant placement (5) (6) (7) . Variation in the anatomy and position of the mental foramen, with regard to race, age and gender, play an important role (8) (9) (10) (11) (12) . The mental foramen and the various modalities useful in locating the mental foramen have been reviewed in detail elsewhere (13 Local anaesthesia infiltration and surgical procedures in the vicinity of the mental nerve may be complicated by temporary or permanent sensory dysfunction and paraesthesia as a result of injury to the mental nerve (14, 15) . Therefore the accurate determination of the position of the mental foramen is important to all clinicians concerned.
The aim of this ultrasound based cross sectional study was to determine the position of the mental foramen in relation to hard tissue landmarks using ultrasound.
Materials and methods
In the preparation prior to this study, ultrasound echogenic markers were placed at the mandibular border and cusp tip to ensure that the image limits seen on the monitor screen correlated with the distances measured without markers (Figure 1 and 2) .
In this study we enrolled 100 Adult Black and Caucasian (White and Asian) patients, older than 18 years who presented to the CMJAH ED (Figure 3 ). Patients were randomly selected from the ED queue at a time convenient to the researcher. The last patient waiting in the ED queue to see a doctor for his/her presenting complaint was approached first for participation in the study. Patients were approached in this manner so as not to lengthen their waiting time in the ED queue for the purpose of their visit. Potential participants were given an information leaflet. Eligible volunteers, who consented to participate in the study, were made to lie in the supine position in an examination cubicle. We used a Toshiba diagnostic ultrasound system (model SSA-510A) and a high frequency (8MHz) transducer (PLF.805ST) with the machine set on the "small parts" preset mode. The length of the transducer covered the distance between the related cusp tip and the inferior border of the mandible in all cases. Sonar gel (Konix ultrasound gel, Sanichem, Durban, South Africa) was applied to the ultrasound transducer once the machine was in running mode. The transducer, with the marker facing cranially, was gently applied just lateral to the mentum. The mental foramen was identified and the appropriate image frozen (Figure 4) . The cusp to mental foramen and the inferior border of the mandible to mental foramen distances were measured and documented. Participants were asked to maintain a neutral facial ex- pression during measurements. The above procedure was repeated on the opposite side of the face. After documenting relevant data, excess gel was gently cleaned off and the volunteer thanked. Any difficulties experienced during the investigation were documented. Individuals with congenital / acquired facial distortion, a history of mandibular surgery and patients who had mandibular teeth missing between the right and left lower 1st molars were excluded from the study. Details of patient recruitment and exclusion are listed in the flow diagram in figure 3 .
Patient confidentiality was respected at all times. Data collection sheets did not include personal data. Only relevant demographic data was included. The information gathered was protected by a coded numbering system, which was stored in a passwordprotected computer that was only accessible to the researcher.
Ethics statement
Permission to conduct the study was obtained from the head of department (H.O.D) of the CMJAH ED and the hospital management. Clearance was obtained from the Human Research Ethics Committee of the University of the Witwatersrand (certificate no. M110920).
Statistical analysis
All data were captured from the data collection sheets by the primary investigator and entered into an electronic spreadsheet (Microsoft® Excel®). STATA® version12.1 software (StataCorp LP) was used to analyze all data. Each volunteer was placed into an age category: a) 18-30 yrs, b) 31-40 yrs, c) 41-50 yrs, d) 51-60 yrs, e) 61-70 yrs. Means and standard deviations were calculated for continuous variables (measurements obtained).
The means of measurements obtained (continuous variable) for age group, gender and race (categorical variables) were compared. Normal (Gaussian) distribution and equal variance of the data were confirmed using the Kolmogorov-Smirnov and Barnett's tests, respectively. Data were statistically analyzed using one-way ANOVA. Where appropriate, the Student's-T-test and Bonferroni post hoc analysis were performed. The level of significance was set at α=0.05, CI=95%. Study reporting conformed to STROBE guidelines (16) .
Results
The total sample of 100 subjects consisted of 50 Blacks (27 males and 23 females) and 50 Caucasians (23 males and 27 females). The Caucasians were further subdivided into 25 Asians (13 males and 12 females) and 25 Whites (10 males and 15 females). The overall sex distribution was equal and (50 males and 50 females). The overall mean age of the study population was 35.7 years (SD 1.9 years).
All mental foramina (100%) were ultrasonographically identified. Figures 5 and 6 respectively describe the hard tissue distances that were measured and the mean measurements for the entire group. Table 1 describes the age group frequencies of the various race groups studied and Table 2 describes the impact of race, gender and age on the position of the mental foramen, with regard to distances to hard tissue landmarks.
A significant difference was found between races and between genders for the distances from the mental foramen to the various hard tissue landmarks. However there were no statistically significant differences between age categories. This is presented in Table 2 . 
Discussion
This was a prospective, cross-sectional observational study of patients who presented to a single center ED (Charlotte Maxeke Johanesburg Academic Hospital (CMJAH), Johannesburg, South Africa) between February 2012 and March 2013. CMJAH is a tertiary care facility in a large urban environment, and is affiliated with the University of the Witwatersrand.
In this study, we identified 100% of mental foraminae by ultrasound. By applying the ultrasound probe just lateral to the mentum, the mental foramen is easily recognized as a break in the continuity of the bone. There are no other similar ultrasonographic structures that may be confused with the mental MCR=Vertical distance from the mental foramen to the cusp of the concerned tooth on the right; MIR=Vertical distance from the mental foramen to the inferior border of the mandible on the right; %R=The proportion of the distance (in percentage) of the position of the mental foramen from the cusp of the related tooth to the inferior border of the mandible on the right (i.e. MCR MCR + MIR); MCL=Vertical distance from the mental foramen to the cusp of the concerned tooth on the left; MIL=Vertical distance from the mental foramen to the inferior border of the mandible on the left. %L=The proportion of the distance (in percentage) of the position of the mental foramen from the cusp of the related tooth to the inferior border of the mandible on the left (i.e. MCL/MCL+MIL).
foramen in this region. Jacobs et al. reported detection of the mental foramen in 94% of panoramic radiographs, and only 49% were clearly visible (17) , whilst the mental foramen was visualized in only 84.2% of cases in an Iranian study that also assessed panoramic radiographs (18) . An earlier study that assessed periapical films reported detection rates of the mental foramen in only 46.8% of cases (19) . Therefore the use of ultrasonography to identify the mental foramen may be regarded as superior to panoramic and periapical films. It is also a safer option, with no known side effects or risk of radiation exposure (20) . Sixty-nine percent of subjects were under the age of 40 years and only 2% of subjects were older than 60 years. The reason that most of our subjects were under 40 years of age was due to the fact that with advancement in age, the incidence of missing teeth between the right and left mandibular 1st molars is higher. Therefore, many potential subjects that were approached to participate in the study were excluded as they had missing teeth between the right and left 1st mandibular molars.
The mean vertical distance of the entire group of subjects from the buccal cusp tip of the concerned tooth to the mental foramen was 22.8mm (SD 2.0 mm) on the right and 22.8 mm (SD 2.0 mm) on the left side. Differences between all race groups were minimal at around 1 mm. Although these differences are statistically significant, they are however minimal and are not regarded significant from a practical or clinical point of view. In males, the mean distances were about 2.5 mm longer than in females (p<0.05). Average distances of 23.34mm and 25.69mm have been recorded in Chinese and Korean populations respectively (21, 22) .
The mean vertical distance of the entire group of subjects from the inferior border of the mandible to the mental foramen was 13.2 mm (SD 1.6 mm) on the right and 13.2 mm (SD 1.6 mm) on the left side. The mean difference between racial groups was approximately 1 mm (p<0.05). In males the mean distances were about 2 mm longer than in females. In studies on American and Indian subjects, the mean distance has been reported as 12.9 mm and 16.5mm respectively (9, 23) . Other studies documented distances between the above (10, 21, 22, (24) (25) (26) (27) (28) .
No previous published studies have compared differences between race groups, between genders or between age groups with regard to the buccal tip to mental foramen distance or the inferior border of the mandible to mental foramen distance. However the distance from the mental foramen to the symphysis menti, and from the mental foramen to the posterior border of the ramus has been previously studied and compared between population groups (10, 29, 30) .
The mean position of the mental foramen for the entire group of subjects in this study was 63.4% (SD 1.8%) of the distance from the cusp of the related tooth to the inferior border of the mandible on the right (%R) and 63.3% (SD 1.7%) on the left (%L) side. The mean position of the mental foramen was lowest in Asians, then Whites and then Blacks. They were all however within 2% of each other. The mental foramen was located about 1 mm lower in females compared to males (p<0.05). An American study located the mental foramen at an average of approximately 60% of the distance between the buccal cusp tip and the inferior border of the mandible (31) . A Korean study compared dry skulls with panoramic radiographs, and concluded that the average distance ratio from the buccal cusp tip to the inferior border of the mandible was 60.6% on dry skulls and 63.6% on panoramic radiographs (22) . A study using panoramic X-ray images looked at ideally positioned and systematically mis-positioned skulls, to evaluate for errors in linear measurements and symmetry ratios. The study concluded that panoramic radiographs should be in-terpreted with caution for absolute measurements or relative comparisons, even when internal fiducial calibration for image distortion of anatomy is used (32) . Ultrasonographic techniques make use of direct measurement and do not have the negative effect of radiographs, where angles and curves are not taken into account.
A limitation to the use of ultrasound includes the fact that ultrasonography is operator dependent. Therefore, all ultrasound examinations and data collection were conducted by the primary investigator, who is certified for emergency ultrasound by the College of Emergency Medicine of South Africa. The study was fully supervised by a faculty member of the division of emergency ultrasound of the College of Emergency Medicine of South Africa. Another limitation to our study is that we excluded patients with congenital / acquired facial distortions, patients with a history of mandibular surgery, and patients who had mandibular teeth missing between the right and left lower 1st molars. Perhaps the mental foramen may not have been as easily found with ultrasonography in these patients as a result of positional change or distortion of the mental foramen. Studies have reported a change in the position of the mental foramen with regard to hard tissue landmarks in subjects with advanced age, tooth wear and loss of teeth (8, 11, 12, 33) . We did not find any statistically significant differences between age groups in our study. A likely reason is that more than two thirds of the subjects in our study were under 40 years old, and only 2% of the subjects were older than 60 years. Further studies using ultrasonography and hard tissue landmarks will be required to see if the same holds true in patients with advanced age, tooth wear and tooth loss.
Conclusion
Ultrasonography, regarded as the 21st century stethoscope in the Emergency Department (34) , is a cost effective, time saving, non-invasive, safe modality, with no risk of radiation exposure (20) . It has many uses in the Emergency Department, including regional nerve block anesthesia, and can be used as a diagnostic, as well as an interventional tool (35) . Theoretically, the use of ultrasonography for mental nerve blocks would decrease the need for local anesthesia, increase first time success rates and decrease complication rates. Traxler et al. used ultrasound in 1992 to determine the alveolar ridge width for purposes of dental implants. They also commented that ultrasound provided accurate information about the position of the mental foramen, as a secondary finding (36) . Recently, Møystad and colleagues used ultrasound to evaluate the size of the mental foramen in patients with unilateral neurosensory dysfunction after third molar removal (37) . More recently, Chan and colleagues, in a proof of concept study, compared CBCT scans with real-time ultrasound. They commented that hard tissue surfaces, including enamel, root dentin, and bone, as well as soft tissues and the mental foramen, were easily visualized. Various ultrasonographic measurements correlated well with the measurements obtained from CBCT scans (38) . Point of care / hand held ultrasound devices, as well as recent advances in 3D ultrasonography, have the potential to revolutionize the practice of dento-maxillofacial surgery. A limitation to the use of ultrasonography is that it is operator dependent (34) .
What is already known on this topic
The mental foramen is an important landmark for dentists, oral maxillofacial surgeons, emergency physicians, and plastic and reconstructive surgeons. The position of the mental foramen and nerve has been well reported in the dento-maxillofacial setting on cadaver specimens, intra-operatively and radiologically. The literature regarding the role of ultrasound in finding the mental foramen and other oro-facial structures is rather sparse. 
What this study adds

